Measurements of the levels of serum glutamicoxalacetic transaminase (SGO-T) and serum glutamic-pyruvic transaminase (SGP-T) have become useful procedures in the diagnosis of some cases of myocardial infarction and of liver disorder (for instance, Shabetai, Iglauer, and Anderson, 1957;  Wroblewski and La Due, 1956a and b) .
The procedures described here are the result of work done with the object of establishing simple and economical techniques which would not require the use of a spectrophotometer. Hitherto, methods applicable to ordinary colorimeters have been developed by Cabaud, Leeper, and Wroblewski (1956) and by Frankel and Reitman (1956) , to whom must go the credit for perceiving the possibility of a technique operating without precipitation of protein. The latter method is unpublished,* and is available only in the shape of reagents marketed commercially.
The method of Cabaud et al. is more complex, involving protein precipitation and toluene extraction, and has been used as the standard reference procedure in the work reported here. The method used of estimating SGP-T was that of Wroblewski and Cabaud (1957) .
The principle adopted in the method of Cabaud et al. consists in the toluene extraction of the pyruvic dinitrophenyl-hydrazone derivatives of the products of the enzyme reactions and their measurement in alcoholic alkaline solution by colorimetry. This procedure has been adapted to meet the requirements imposed by the desire to avoid both the precipitation of proteins (with consequent need for centrifugalization) and the need for extraction in toluene not miscible in water, with the consequent need for alcoholic KOH, and more troublesome cleaning procedures.
* Written in Feb.-June, 1957. The optimal absolute and relative concentrations of substrate acids were determined for both SGO-T and SGP-T estimations by exploring the effect of varying the amounts of each acid over a wide range. It will be seen that the figures for SGO-T substrate acids differ greatly from those for SGP-T substrate.
As the work progressed it became clear that there was no need for added co-enzyme (pyridoxal-5-phosphate) The tubes can be removed from the water-bath at the end of this stage. From now on, the time intervals are not critical; it is only necessary that they be not appreciably less than those given below. Twenty minutes after adding the aniline-citrate reagent, 1 ml.
of the 2-4-dinitrophenylhydrazine reagent is added, mixed, and left for 20 minutes, then 10 ml. of 0.4 N.NaOH is added and mixed by inversion, using a clean rubber bung or rubber fingerstall to stopper the tube. The tubes are allowed to stand for 10 minutes.
The colour developed is then compared with that developed in a " reagent blank " consisting of a similar tube (in which water replaces serum) treated in exactly the same way as the test. The galvanometer is set at zero with distilled water.
The volume of 0.4 N.NaOH which is added in the final step of the test can be increased if the intensity of the colour developed is inconveniently great. A similar change must be made in preparing the calibration curve.
Using the 10 ml. volume of 0.4 N.NaOH described above, the intensity of colour developed by normal sera gives convenient galvanometer deflections (around 30-40% of the maximum) when the fluid is placed in an EEL "portable " type photo-electric colorimeter, using a blue filter (No. 303) and tubes of diameter 10 mm. In these conditions the reagent blank gives a galvanometer deflection of 26 to 30% of the maximum, the zero setting being made with distilled water. t
The difference between the colorimeter reading of the test and that of the reagent blank is related to the amount of enzyme originally present by reference to the calibration curve.
The above description is that of a routine screening test; no serum blank is included. All sera giving normal results by this technique can be reported as normal straight away. Sera giving raised or borderline results should be retested with a serum blank incorporated.
Serum Glutamic-pyruvic Transaminase Determination.-The technique is similar to that of the SGO-T determination, except that the substrate mixture is incubated with the test serum for only 30 minutes instead of 60, and the step involving aniline-citrate is omitted (in the screening test). The procedure is therefore as follows: 1 ml. of the appropriate substrate mixture is warmed and incubated with 0.20 ml. test serum for exactly 30 minutes at 370 C. Then 1 ml. of the 2-4-dinitrophenylhydrazine reagent is added and mixed. Twenty minutes later 10 ml. of * Between 0.06 ml. and 0.08 ml. One millilitre of substrate mixture is pipetted into each tube, and they are warmed in the bath at 37' C. Two drops (0.07 ml.) of aniline-citrate reagent are added to tube B only, and 0.20 ml. of the serum to be tested is added to tube T as a stop-watch is started. After this, 0.20 ml. of the same serum is added to tube B. Both tubes are shaken gently to mix their contents. When SGO-T is being measured, exactly 60 minutes later, two drops (0.07 ml.) of aniline-citrate are added to tube T, and both tubes are removed from the water-bath to the bench.
After 20 minutes, both tubes are treated alike, each receiving 1 ml. of 2-4-dinitrophenylhydrazine reagent followed after a further 20 minutes by 10 ml. of 0.4 N.NaOH, as described previously. The colorimeter reading of the serum blank is subtracted from that of the test, and the difference converted into units.
No separate reagent blank is necessary. When SGP-T is being measured, aniline-citrate is added to tube B before the test serum is added, and to tube T exactly 30 minutes after adding the test serum; immediately afterwards, the 2-4-dinitrophenylhydrazine reagent is added to both tubes, which are removed to the bench, and, after a further 20 minutes, the 10 ml. 0.4 N.NaOH is added as usual.
Reagents Serum Glutamic-oxalacetic Transaminase Substrate Mixture.-l-Aspartic acid, 0.30 g., and a-keto-glutaric acid, 0.050 g. (weight ratio=6/1), are used.
These acids are dissolved in 20-30 ml. of M/15
Sorensen phosphate buffer (pH 7.5) and 1000 NaOH (about 1.1 ml.) added to bring the pH to 7.5 More buffer is added to bring the volume to 100 ml. Chloroform, 2-3 ml., is added, shaken to saturate, Table I . The amount of colour developed is not related in a simple manner to the amount of enzyme present. If Table I is completed by preparing the pyruvic acid solutions indicated therein, and inserting the colorimeter readings in column 6, then the figures which will thus be inserted in column 7 (increases in optical density of " test " over " blank ") can be used as data for the abscissa, and the figures in columns 8 and 9 as data for the ordinates of graphs which show the two calibration curves. It will be found that the curve relating to SGO-T activity is further removed from a straight line than is that relating to SGP-T activity.
It must be stressed that the pyruvic acid solutions used in making the calibration curves are arbitrary solutions chosen solely because they give a suitable scatter of fixed points through which to draw the curves. The units of activity are those of Cabaud et al. 
Procedure
The 1% (w/v) solution of pyruvic acid, freshly made up as described above, is used to make two working solutions, one containing 100 /Lg./ml. (1/100 of the 1 %) and the other containing 200 jg./ml. (1/50 of the 1%). These are used to make solutions as shown in column 5 of Table I . To 1 ml. of each of these solutions is added 1 ml. of 2-4-dinitrophenylhydrazine solution; 20 minutes later, 10 ml. of 0.4 N.NaOH is added; 10 minutes later, the solutions are read in the colorimeter, as in routine tests. The colorimeter readings are entered in column 6 of Table I . Column 7 is constructed by deducting the reading of tube (1) from the readings of the remaining tubes. This is equivalent to deducting the " blank " from the " test " in routine work. The resulting figures in column 7 represent units of SGO-T and SGP-T in the manner shown in Table I . From these data curves are drawn having units as ordinates and the figures from column 7 as abscissae. In this way the curves relate increases of " test" over " blank" to units of SGO-T and SGP-T.
Units of Measurement Cabaud et al. (1956) and Wroblewski and Cabaud (1957) have related their colorimetric units of SGO-T and SGP-T to spectrophotometric units. Therefore, the present results are expressed in the colorimetric units of these authors.
The SGO-T and SGP-T content of sera has been estimated by the techniques of Cabaud et al. and by the techniques described in this paper. The colorimeter responses by these techniques were plotted against the units determined by the technique of Cabaud et al., and curves were drawn so that the fit was as good as possible. Cabaud (1957) found that 50 normal persons gave values ranging from 1 to 45 with a mean of 22.0 (±11.5).
The present authors found that 73 normal persons gave values ranging from 4 to 38 units with a mean of 17.9 (±7.6).
Suggested Routine Procedure
In cardiac infarction and some hepatic diseases, serum levels of SGO-T and SGP-T rise and fall to various extents and with varying rapidity in individual cases. Results therefore depend upon accidents of timing in the sampling of the blood. It would seem logical, then, to group results into "normal," " borderline," and " raised " categories, and to pay more attention to the assignment of a given serum to one of these categories than to the "precise" measurement of its enzyme content when this is grossly raised. The screening test is used to establish the normality or otherwise of a serum in terms of SGO-T and SGP-T. If the result is " borderline " or "raised," the test is repeated including a serum blank. If the repeated test is still borderline, a second specimen of blood is requested and tested with inclusion of a serum blank; if the test result is above 140 SGO-T units or 280 SGP-T units, then the test is repeated using a 1 in 5 dilution of the serum in water, and multiplying the result by 5. If this dilution does not contain less than 140 units of SGO-T (or less than 280 units of SGP-T), the final result is reported as " more than 700 units SGO-T " (or " more than 1,400 units SGP-T ").
Dilution of sera in water, or buffer, or in normal sera appears to result in some change in the activity of the enzyme apart from that due to the dilution ratio. Thus, if a serum which has a high SGO-T content is diluted 1 in 5, 1 in 10, 1 in 15, 1 in 20, etc., and these dilutions tested for their SGO-T content, it will usually be found that the higher dilutions give higher figures for SGO-T content when allowance is made for the dilution ratios.
It follows that, for routine work, some* arbitrary procedure has to be adopted. Cabaud et al. (1956) .
A suggested routine procedure is described. We are indebted to Dr. Wr6blewski for his kindness in sending to us the manuscript of his paper on SGP-T estimation while it was in the press. We wish to thank Dr. J. Carpenter and various members of the nursing staff at New End Hospital for providing some of the specimens of normal sera. Dr. Toohey, senior physician at New End Hospital, gave us a great deal of help in our task of combining this work with that of a busy clinical laboratory.
The substrate acids and other reagents were obtained from Messrs. British Drug Houses Ltd. and from Messrs. L. Light and Co. Ltd., Colnbrook, Bucks.
